Challenges associated with thick target preparation of WO3 for high current production of 186Re via deuteron irradiation by Balkin, E. R. et al.
1Corresponding author, E-mail: dswilbur@uw.edu 
Challenges associated with thick target preparation of WO3 for high current production of 
186Re via deuteron irradiation 
E.R. Balkina, K.T. Strongc, B.E. Smithb, K. Gagnona, E. Dormana, R. Emerya, P. Pauzauskiec, M.E. Fassbenderd, 
C.S. Cutlere, A.R. Ketringe, S.S. Jurissonf, and D.S. Wilbura,1 
 
Departments of aRadiation Oncology, bChemistry and cMaterials Science and Engineering,  
University of Washington, Seattle, WA 98195 USA 
dLos Alamos National Laboratory, Los Alamos, NM 87545 USA 
eUniversity of Missouri Research Reactor Center, Columbia, MO 65211 USA 
fDepartment of Chemistry, University of Missouri, Columbia, MO 65211 USA 
 
 
Introduction 
Rhenium-186 (t1/2 = 3.72 d) is very attractive for 
use as a theranostic agent in targeted radionu-
clide therapy (Eβ max = 1.072 MeV (> 76.6 %); Eγ = 
137.2 keV)1. Previously published investigations 
of high specific activity 186Re production have 
utilized the 186W(p,n)186Re or 186W(d,2n)186Re 
reactions2-5. Our group is interested in the re-
finement and scale-up of the production of high 
specific activity 186Re by cyclotron irradiations of 
186W with deuterons; including investigations of 
the most suitable target material. WO3 has been 
successfully used as a target material in proton 
irradiations by two other groups4,5. Further, the 
physical properties of WO3, such as the reported 
monoclinic with Pc space group, body centered 
cubic crystal structure6 and melting point of 
1473 °C, made for an attractive target material 
as sintered and other more structurally robust 
pressed pellet target preparations could be 
explored. Thus, this study reports on the charac-
terization and suitability of WO3 as a full-
thickness target material for the deuteron pro-
duction of 186Re.  
Materials and Methods 
Assessments of WO3 for target material suitabil-
ity and structural integrity were made on thick 
targets (~1 g) prepared using both commercially 
available and converted WO3 by either uniaxially 
pressing (13.8 MPa) of powdered WO3 into an 
aluminum target support or by placing sintered 
WO3 pellets (1105 °C for 12 hours) into an alu-
minum target support.  
In some experiments, WO3 pellets were pre-
pared by dissolution of Wmetal with H2O2, then 
treatment with 1.5 M HCl. The recovered hy-
drated WO3 was calcinated at 800 
°C for 4 hours, 
allowed to cool to ambient temperature, pulver-
ized with a mortar and pestle, uniaxially pressed 
at 13.8 MPa into pellets with a 13 mm die, and 
subsequently sintered in a tube furnace under 
flowing Ar at 1105 °C for 3, 6, and 12 hours. 
Material characterization and product composi-
tion analyses were conducted with SEM, EDS, 
XRD, Raman spectroscopy, and visible photolu-
minescence spectroscopy. 
Thick WO3 targets were irradiated for 10 min at 
10 µA with nominal extracted deuteron energies 
of 17 MeV. Gamma-ray spectroscopy was per-
formed to assess production yields and radionu-
clidic byproducts at least 24 hours post EOB.  
Results 
While the color of the commercially available 
WO3 is slightly different (dull, pale green) than 
the brighter more yellow color of the chemically 
processed WO3, X-ray diffraction spectrometry 
(XRD) indicated the two samples were virtually 
identical (FIG. 1). 
 
 
FIGURE 1. (Left panel) Differences in color and appear-
ance of powdered WO3 (left sample) obtained by H2O2 
oxidation of W metal and removal of salt (ammonium 
carbonate) and water by calcination and (right sam-
ple) from a commercial source. (Right panel) X-ray 
diffraction spectrometry comparison of (top) material 
that was chemically processed as previously indicated 
vs. (bottom) commercially available, natural abun-
dance, WO3. Note the difference in peaks at 28.4 ° is 
an artifact caused by the silicon mounting substrate. 
 
Attempts to determine how the duration of the 
sintering process (at 1105 °C) affects the chemi-
cal/physical nature of the pellet yielded surpris-
ing results. In contrast to the characteristic an-
nealed appearance of sintered material, grains 
of the WO3 sample appeared more densely 
packed, but not sintered to one another as had 
been seen during higher temperature (1550 °C) 
reductions of WO3 irrespective of the time inter-
val used.  
Full-thickness pressed or sintered pellets of WO3 
were found to disintegrate upon irradiation with 
the deuteron beam, allowing for the direct irra-
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diation of the aluminum target body producing 
24Na as a contaminant. Upon retrieval of the 
target support it was observed that the WO3 had 
vaporized, discoloring the surface of the well in 
the target support (FIG. 2) and coating the walls 
of ~61 cm (24 inches) of the terminal portion of 
the beamline, which then required decontami-
nation. 
 
 
FIGURE 2. Target pictures where a 13 mm uniaxially 
pressed WO3 pellet was sintered at 1105°C for 3 
hours. Target is shown both before (left panel) and 
after (right panel) irradiation with 17 MeV deuterons 
at 10 μA for 10 min. The thin ring of material remain-
ing in the ring is caused by the overlap of the donut 
shaped upper portion of our target body assembly. 
 
We believe that these observations are the re-
sult of outgassing oxygen species that subse-
quently reacted with the aluminum target sup-
port. While these findings are in sharp contrast 
with the successful production yields and isola-
tions previously reported by both Shigeta et al. 
and Fassbender et al., we believe that these 
differences are attributable to differences in 
target design (previous studies utilized an en-
closed target with cooling in front of and behind 
the target) necessitated by the configuration of 
our target station. 
 
Conclusions. The physical properties of pow-
dered WO3, including its lower melting point and 
more suitable compressibility than powdered 
Wmetal, seemed to enhance the structural integri-
ty of a WO3 pellet (whether pressed or sintered). 
However, when compared to our recent suc-
cesses with the use of Wmetal based targets, the 
disappointing degradation of our WO3 targets 
when irradiated with the incident deuteron 
beam has led us to believe that Wmetal is the 
more viable target material for 186Re production 
in our facility.  
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